18], and it is present in the surrounding cells in a pattern Our data suggest that functional antagonism between consistent with known proliferation patterns in this part these different E2F proteins can occur in vivo by comof the disc ( Figure 1F) . Thus, the 100-bp enhancer elepetition for the same binding site. An engineered PCNA ment containing two E2F binding sites accurately reprogene with mutated E2F binding sites supports a low duces S phase-associated, E2F-dependent PCNA exlevel of expression that can partially rescue the lethalpression at many stages of Drosophila development. ity of PCNA null mutants. Thus, E2F regulation of PCNA These transgenes should prove useful as tools to mark is dispensable for viability, but is nonetheless imporreplicating cells in situ by using methods other than tant for normal Drosophila development.
Results and Discussion

E2F/RBF Control of PCNA Expression Is Mediated A 100-bp Enhancer Directs Patterned PCNA through the 100-bp Enhancer Expression during Development
To test whether our PCNA-GFP constructs respond to Two sequences upstream of the PCNA transcription genetic manipulations of E2F activity similarly to the start site ( Figure 1A 3I and 3K, respectively) , suggesting determine the binding sites through which dE2F2 acts, the activity of each PCNA reporter construct was obthat dE2F1 is sufficient to provide both activating and repressing activities necessary to generate the pattern served in dE2F2 mutant eye discs by in situ hybridization. The expression of PCNA-GFP and PCNA-⌬ site of PCNA expression. PCNA-⌬ site II-GFP was expressed within the morphogenetic furrow of dE2F2 mutant eye (lanes 2-4). GFP transcripts were also reproducibly detected in ⌬ site II (lanes 5 and 6) and ⌬ site I&II (lanes discs (Figure 3L ), which is in contrast to the lack of 7 and 8) lines compared to controls (lanes 1, 9, 10). In expression of this reporter in wild-type eye discs (Figure the ⌬ site I and ⌬ site I&II lines, the amount of GFP mRNA 3H). This ectopic expression appears to require dE2F1, detected was lower than with PCNA-GFP or PCNA-⌬ because PCNA-⌬ site I&II-GFP was not expressed in site I-GFP lines, although there was enough line to line dE2F2 mutant eye discs ( Figure 3J) (Figure 4A) . these transgenes could complement the lethality of Whereas GFP transcripts were undetectable in wild-PCNA null mutants. As expected, both a wild-type contype embryos (lane 1), they were detected at similar trol transgene and two independent ⌬ site I-PCNA transgenes fully complemented the lethality of PCNA null levels in both PCNA-GFP and PCNA-⌬ site I-GFP lines less efficiently than wild-type or ⌬ site I transgenes (Figure 4B) . The ⌬ site II-PCNA rescue was the least efficient Received: June 19, 2002 (7% of expected for each of two PCNA alleles), although,
